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(54) SUDING MEMBER WITH HARD CARBON FILM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sliding member 
with a hard carbon film excellent in low friction and low 
abrasion in a lubricating oil. 

SOLUTION: This sliding member with a hard carbon film 
used in a lubricating oil is prepared by forming a hard 
carbon film 12 on a backing 11, wherein at least the 
surface layer of the film 12 contains 5-70 atm.% of at 
least one metal element selected from the group 
consisting of group lib, III, IV, Va, Via, Vila and VIII 
elements in the periodic table. 
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(54) mwco&m mMfcm&mmmmtt 
(57) mm 

iMtk^m mu 1 1 <D±izm$t&im&m 1 2 
v^x, thmmmizjimmmm&cDm 1 1 t>. 1 

II. IV, Va, Via, VII a*cktfV I I I m 

0 a t %&tsb(otLrcmitmm&mmmmtt. 



r-73-K (##) 

Z 3G016 
3J011 
4H104 
4K029 
4K030 

(±9i) mmmizm< 



(71)tillSA 593178650 

IE— 615 

m^«B^tt*2yW3- 1 -38 

(71) ttJ®|A 000003997 

(12) ^mm = ^ jEzigp 

*^33WrfTSy tt3 - 1 -38 

(72) ^^# u m n m 
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lb. III, IV, Va, Via, VII a&«ktfV 

i i i Mv>o-t>frt>m&nz>'>ts.< i mco&m7cm 

£ 5-7 0 a t X*tr£i:S«»£-r*«K»*&RJH 
[B*^2] ^StcSIO^WS** 2 5~6 0 a t %<D 

[flt&H3] ^JKtc^ ; &>J^'x> (Mo) , ^>i/ 
(W) , (Nb) , ^> (Ti) *5J:tf 

(Fe) oi-6^sa«n-Biit*4*afr*ii»*3B 
tat-rsii^ss i ftv>L 3 ovi-rn*^cfs«©®s^3g 

20 

0 jinUy.TT&O, «ffiffi£#R a 0. 1 /tm6lTT* 
OgSWHv 10 0 O^JiTfe-SdtSr^t-r-S 

[a*«6] ^JH7t:^©^*ttd< 2 5 — 6 0 a t %T 
feO, 8!K^^0DJP^^O. 5 ^ miy.± 1 0 u m£X 
TT*D, IMSi'RaO. 1 wmBlTT*o8II 
l#Hv 1 0 0 0K±t^0, ^@7C^*^'jy^> 

(Mo) T*oTBIM^^&BSS»iSR*J**tfiX-r-5®g 

>yft*-A7-h^ ; E'J7T>iiLT5 0-10 
OOppm, v3^U >gfM$a£>J >fi<t LTO. 0 1 40 
-0. 2w t %^£f^ra»+T<£fli£n3 

f-5 i 7 e>^-rn^ idEisosK^&si 

(S) JR^JDSiJ -?-cd^43o (S) ^©-^ffS 
rt<o. 2w t %W±T&3jfflra»4'T<£ffl£n*>::t£ 

iRmwmmttwtm so 
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[0 0 0 1] 
[0 0 0 2] 

K^-5^li**ft^KT. a-C:H (T^JPy'rT. 
#>*^tt7KS{t7 ; E;P7 7X*-^» , i-C 
(T-f*-#» , DLC (^-f^^K^-f^*-* 

[0003] ptitfrmxx&y^x-Trft 

[0 0 0 4] KKJBft&nttffiSA'?. *BB*«F»T» 

m<Dm&&»wmmmT-v o . 5-1. o 

[0 0 0 5] £«E. C*l60in&#tt*ft*>UT. H 

[0006] sfc. ■@mm<¥-cmm?z>ftmmmte£<D 

6 T # -5 ft* tt&ttttl & £ ISM b ft H t V »5 g# *fff * r> 
[0 0 0 7] 

±EWKM*fllSiM!iasaK:3-TW >yt. x>>?> 
». fciAtfSftf^> (T i N) ^gfll;7 0A (C r 

n) ^xyru-rj yif&mmm&misrzmm&miz 
m&<D{&m&M& ua^s ^ ir» t ^ a RMjjitA<n ic 

[0 0 0 8] Aci^tf, ■Wtt.4>T 3 / 8 -f>^#-;V 
3<1S- 1 k g f ©ffifiTJf Ltttf. 0. 0 3m/sec 
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>h*7-r ?t)-#>(omm&mto. io~o. 12 

Vitt. gft^nA (CrN) 4-*y7V—=r4 >ifmm 

[0009] — isic. x>> j >^--f h^>7.s 
^^^icioT, f&ig&fcT-s&fzK). &mm±<DmM 10 

[0 0 1 0] iiZ\?>t)\ Z<Z>£?fj.mija%l$:<£tffflmtii 

4" ic $> -o x \t zr 7 xv c v d mm \z «t v mm s nft&& 

[0 0 1 1 ] 

~7 0 a t %T&^>?lMM^M*MSL^jlf!)^«t 
[0 0 12] 

mttmtf 5 ~ 7 0 a t % $ tr«S fi£ <»: U & £ t iZ «fc 0 . 

[0 0 13] C©jHtttt^T©®K^^<Dg6SS#tt 
\Z-O^T\$&&tmtAj}im< . ^F^Ji^t*^*^ fcK 

[0014] -rfrfc^ *^W»C#-5®KK*^ii«l 

M1BiZ7imffl18l&%i(DMl lb, III, IV, V a, 40 
Via, VII a*5«fctfV I I I m<Z>0 ZMitnZ 
'>ti< iacO^B7C^Sr5~7 Oat %<£tSb<D£ 

[0 0 15] f LT, *RHlCft«flEffi«iX&JRfftta( 

X«-^Wfi^2 5~6 0 a t %0ftlTcb'5fcOi:t5 

[0016] ff*JS3icfBgtcD«fc'5ic > taia&s 
7c^* <; e u 7r> (Mo) , ^>yxf> (w) , 

y (Nb) , (Ti) fciO^ (Fe) <0*>%fr 50 
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•pic. mmmm&mmm&>m&mj$.-f2>mM0km&m& 

[0 0 17] SSJCiifc, l»3i&S5K:Ett©J:'5K:. ®! 
S^m^W^^^O. 5/imW±10tfmKTTS 
0 . «®ffi^^R a 0 . 1 Min^TTA^SffiSa^H 
v 1 0 0 0k(±T$>-5&©<!:T-2>;i£#T#-5o 

[0 0 18] ZZiZ&tz, tt*3S6»Ciem©«t'5l:. & 
JR7n*©^*a^2 5~6 0 a t ^K^S 
MOJPS^O. 5 tfmJUJil 0 nmOTT^O, Sffiffl 
WRaO. 1 tfmKTT!loSIia^H v 10 0 0 
IJLtT&fJ, ^JS7n*^ ; E , jy'7 ; > (Mo) T&oTS 

[0019] *5tmz£2>mm.mm8.m®W)®wz> m 

[0020] zziz&tz. *5&w\z &z>mm&m&.s&m 
nostra. m&m8\zmffi.v>j:z)\z, ^ma^u^m 

Z&ttitV. t U ?r > t A -/ W - K 4 1 'J 7f 
>li:LT5 0~ 1 0 0 0 p pm, *J=?* 'J >&E$8£ 
U>iiLT0. 0 1~0. 2w t%-£tSfflffim$>Tm 

*«tOJ-&fi!t»*S»<i:U. SfHtflSSi, #>JU\)U:7 r<i 

Y, m<t*uy<{ ytzZ<D^$>^> (s) j&mmz'S 

•^WUvfe'S (S) ^©^g*<0. 2wt%£Lh 

t « s » m m * -c ffiffl a n ^> t cd t l rc o r ^ c t *« t 

[0 0 2 1] 

;i/f«c £ ic&ffl a n ^> «fc o umfoa «t y;^^* £ t 

T5 0~1 0 0 0 ppm, >@SM^*'J >ttt 

LT 0 . 0 1~0. 2 w t % &$tS fflffiifatplZ&^T 

mmv>m I I b, I I I , I V. V a, Via, VII 
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a&J;tfVI I I M<Do-t>fr<bMlrftl2>'Ptt< tfc lffi 

(D&mitmz 5 ~ 7 o a t %^m&mz^m^a^> z. 1 

[0 0 2 2] LT, SS^^SiKSM©^^®^* 

r, 7 o a t xjaiatJfc-BtjsaffiTTraBj**!***^ 

[0 0 2 3] L<te. #^S7C^Wft* 

2 5-6 0 a t X©«6H£T*c:£*n8**6tt. ¥^14 10 

5}IJ3»§»«SfS lib, III, IV, Va, Via, V 
I I afcJ^tfVI I WitiaMcDKfo&mBtfL 
£#J8L =E'J yf> (Mo) , ?>ifXT> 
(W) , -tf^ (Nb) , (Ti) (F 

[0 0 2 4] ^m&^©*Ml£KO^Tte. 

ttt*i^lfeS'tt«r#®LT. RaO. 1 umSTftT^ 
CtWiK- *®W*t4W*«tt3W»«T**Hv 20 
1 0 0 0K±i:T5C:i*WitK *®^CD 

flgJPlCOl^Tte, 0. 5 wm*?»Tfe-5tSg»?iS^ 

[0 0 2 5] 

UT. '>&< tfcSMJf tC7cSlJl»!»g©5fS I I b, I 30 
II, IV, Va, Via, VII ai5J;t*V I I I jgj 
<Do-*>ti>£> : m%t\Z>'Ptz< £h lffiCD&S7Cift£5~7 
0 a t ^^trfecDtb^:*^, SEESUfl*ll#'*fi£ft* 

[0 0 2 6] -5- LT. »^2tCflS»bT^SJ:'5IC. 
^ffl7C^©-^^"fi^2 5~6 0 a t JSCifllT^SfcCD 

[0 0 2 7] fbTife, W*JS3 l::IH«£LT^5<fc5 

ic, sfria^H7c^^ : E: , J^'x> (Mo) , 5>yV7.=ry 

(W) , (Nb) , (Ti) (F 

<t 5 t n ? 9 l < m. n£#i*# *> fc s. $ n-s . 

[0 0 2 8] ZZlZ^tZ, W^4{cE«£UT^-5ckO 
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&te<nh^temm&fi£\z±K>{g.&WM&-?&txrzi8.m 

[0 0 2 9] ffijfciS 5 CBEttOJ: 5 C. K 

SMaO. l«mEtTT*^8IWHvlO00 

CisftTRllBtttO, «®SlS£Hv 1 0 0 oeLht-TS 
C t T A#fc»#«tttf*?M*Tr* * <k "5 lefts t u -5 V 

u < Wuta**** *> fc & s n* . 

[0 0 3 0] SgCfcfe. Bf*JS6JCiH«0«k'5lC. & 
BtESI ©^#S*i 2 5 ~ 6 0 a t % 0 . ©H#*fil& 
Jg©JP£7i<0. 5/im&±l O/xmJUTT&O. SSffi 
$#RaO. 1 /zmiJ(.TT7i^*®®ft^H v 1 0 0 0 
•kLhT&O. ^«7C^ ; &U^> (Mo) Ti6otl 

U— 5V >yi::«fc0f£ii£n;£:$'-1'ir ; E> K^-f^- 
[0 0 3 1] SSJC^fc, B^Jl 7 ICIE«J CO^OtC. 

Mmm<omftmm<D7 v v * -tv >^->a*-s^«a)1/ 

*<fc 0 — H ^0 ?i <D \Z-t Z> Z\ £ vO* oltgtC^-g) t -5 ¥ 

[0 0 3 2] SetCife, ffi*^8H|2«CD«t-5[C. fi£ 
»*5j;tf£j£?li£g?A<!:U * 'J ^x>v ? ^^*-/n*^ 
-hH'J^itbTSO^lOOOppm, ->*^ 
^-'J>SEM«)S:U>ffii:UT0. 0 1-0. 2wt%t 

tHH»tt«t»T««an*«t"5Jcftri:tt:j:t>T. mm 
z\ t tfvjm\zfs.z> £^?mv< mntz^M^ft $ n 

-5c 

[0 0 3 3] ^^tC^fc. W*^9(CEac9«teit:. fib 

H, Bit^^-U^^ >fii:COV^-5 (S) JS^JjdSiJ^ 
-^(Dt/iii'p (S) /£#G9"£W&#0. 2wt%£U: 

^ i c -s <b i> ^ ¥ l- < ffi n mat h rz e. $ tl 5 . 

[0 0 3 4] 
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a*. ^m\tsxT\z^tnw.m\zm^nu^z.t\t^ 
10 0 3 5] mmm i ~ 7 > hi ic^r<t ^^is 3 

0mm, f*4mm©niSMl 1 ©XtcSK^Si&flS 
1 2 ytfVtzm&frl 0 ICiO, JglgK&£ 

THS1» 1 io_hC«KK*&ffltl 2 £f£gSb;t*>© 

[0 0 3 6] 1 fi§#<#9 ( J I S S CM 4 1 

5) <t0^!ttl lCSISRaO. 0 4um©ett 10 
±tf»QXb;t&. MftzMttf^^fe^XvCVD 

SrtTffU^&K«ScDMo?SS^2 7 a t XttzZ 

flDX*8bT&BISB]teR a 0. 0 9 /imT$9L 
(0 0 3 7] 2 teStt 1 1 ©S® £R a 0 . 04 

MmlCjSttXtfJnXbJtgh ^7X7CVDgrat 

Tkmxx&m^xy-i-v^y H5-f^*— (dl 

C) £11 2£Sm 1 CD±t£j£Blb£:&2£l;:W£* 20 

SI^tSItI©Wli*<4 8 a t SStfc-Si^lCW 
[0 0 3 8] SlJg^J 3 ~ 6 «^S6^J 1 (DMof— tfy b 

ttn<z>mt>o\z* ^rti^n<Dmna^m<D f e , n, c 
r, httmtv-c&mv. mmmitmm 

R&m&mom&te, mmw 3tFe30at%, mm 30 

01J4TT i 2 5 a t %. HJS0IJ5TC r 3 0 a t %. H 
J60IJ6TW1 0 a t %Xh-otz« /SM^tt-htfiJOIitb 
T j e-ft-£ r ttCD&BI«ffi!ia£ttR a 0. 0 7~0. 08/i 

[o o 3 9] mmm7\$m.m.m ( j i s scm4i 

5) «k0^£-5*W 1 1 «*ffi£R a 0. 0 4(imfflitt 
> (Mo) Srfflli/i'f *>:7V-T--r >^IC«tO®K 
£|B]— <DX^^SrtTfTV^^jK*®K»Mo}Sa^4 40 

oa t %t.fs.^,^.o\zuo7tm^&.M&m^\z^mv 

RaO. 0 9(tmTJb^fc. 

[0 0 4 0] (tt^ji~5) *i ic^-r^^^Jt^j 
saw ufc -5 5. ttMmut&RM (jis 

SCM4 1 5) iO^Sl^l l©gI*Ra0. 2 

4 m mlcWB'JiDXbfciSffiigPt*, Jt«e^J 2 «tt«« l <r> 

mmmmz^.\z^^>fu-7-^>ifm\z^r > 2. on 
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moymm &^-?Z>WBlH v 1 5 0 0©g{t5 L ^> (T i 
N) Jt^J3l* 
gp?$l (JIS S CM 4 1 5) «kD&-5g#l 1£>S 
®£Ra0. 0 4 um(D&tt±tffiDXL;/c&, ^7X7 
C VDgit^t*f^X4ffl ViTy-f ^ > H 5-f ? 

(DLC) &ffill 2SrSWl 1 (DtlZtftmistz 

[0041] $^»c, it%tm4\*mmm6tmm<Djj& 

m&m\zm\iLrzmm&>tt. it&m 5 ttisseey 6 tmm 
<D^mx-ms(D-wms.^ 8 0 a t %tt<z2>£o\zvfK.m 

<*8tttt0g) mwMmmmtvT\tm2 (a) tc^-r 

«fc5&fcf>:*>x^;^^:/©0*&«&$2 OSfflVi 

xmwM&zmmLtz. z\<Dmm\tmmm2 nzmm^ 
n. c© , 7-57^-y;u2 2 tcstg&jtiiMsi* 2 3*© 

Bb. C<Z>§ai*>Hi!!i8M*2 3©±ffi#Jtc^g<J> 5m 
m, S$ 5mmCDCL5lftSfflSU J 2 D — 7$-tf>t b 
TJBHT. tf>2 4£E12 (b) tCSV3~«fc -5 (C 3 4SIEB 
U X7"'J >^2 5 ICj^TffiMP : 1 . OkgTjfb 
ttlfZ>£o\ZMf$.2tlfz>b<DX$>Z>. z\<ot%. tf>2 
4 2 4 HlC[5]$ET-£&^«k 5 iC^-tl^tlHS 

$niH5. fbt, ls]£$A 2 1*^—^2 6JC&J&S 

nx#-jw>2 4\z*tvxm*imK>mBto. oi~ 

1. 0m/secTliieil!i$n, kT> 2 4 tKI&KrS 
-K-feJU2 7TW-JBII/, *^fC^#ttJ-rSfc©tbT 

v>3„ iil&tf-Jg»8M* 2 3#tatttt2 8L4>l;S 

mznz^oiz, »««2 8*<iftB$n, H^b^t^ 

lciS:3t$nTVi-5 few t bfe. 
[0 0 4 2] gl fc#ftliM&J:cratt0!!<Z>AMaMir& 

m&Mmm2 o otrnftmrnuu 2 3 tbTBH«b. m 

[0 0 4 31 3<l©tT>2 4^NCDft^fi 

1 5 k g f (BffiO. 2 3GP a) . ttOiSSO. 0 3 
~1. Om/sec (30~1 0 00 rpm) Tffo 

t U 7r >^ * - h St U >ii bT 5 

ooppm, >mm®&v>mti>xo. 12 
w t %<£^o^<s^^ae<)«hbfex>^>^--f^. *s 

(S) ^#il^0. 5w t %X$>2>S%Wi1]Q : ftmffitto$: 

[0 0 4 4] 
[Si] 
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a 07 
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a 08 
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a 08 
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a 09 
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[0 0 4 5] SI iS«fctfS3, 0 4, El 5 \ZmTT^< 0 
M&O. 5m/s (5 0 0 r pm) TOJtJftffigfcOttiH 

&mfr*>mz>£?\z. t&fev&m&mtiaisiz&mw 1 ~ 20 

tLT5 0 0 ppm, >^:*'J>B?ffi$&€:>J >S.!:LT ' 
0. 1 2 w t %£'atS^>~J>*'f)l'P<DUm-?\Z* & 

&&zf7 vmmmmBzmmm&mzttmm 1 <om&Mik 30 
tm&vbo* mnfcmjtLm^&m&sm-zitzcuz 

u z> «k 5 tc & -o ft t> © £ # a & n^. 
[0 0 4 6] ZtHZtiLX. &m*ttvtj.^ttmw3 

^temmumtts a t %^m<owM^m&t^mmmtt j p 
[0047] sat. mmm2~7 tvcMmz, 4rojt*s 40 

>©^35 (S) &8sflD5!J£$#-, ?Htt»*<Dm35 

(s> -smmvo. 5w t%T&%s%mu$mmmz 
[0048] mmumm) mmm 2 & «t 1/ 7 ©?g 

tzKKD&mmXihJw&mwLtz,, z.<ot%. b)i?m 

h;U^thT"ttaSLfc. 50 



[0049] gi 6 \zyR-rnmwm<^m^wm\z^T \ 

W.fa.>V\,~7jtM.mm.JV],7 5 3 tt/NVPy^f-f K5 4C 
il^n. A*;P^5 3©WSgCD±^tm;U^U 7^— 5 5 
#®B3*ITV>*. ->U >?*\y H 5 6 tAVU^" 

58i37^59 iCtO/^^S 3 ICB3£3ft, A*^^* 

5 3 &mVZJim\ZX7V >i/5 7 \Z&2>ffim&fkffiL 

fc^T«i;5lc7> !j r7.5 : -^ >^->A6 0^{R^$tiT*3 
0, *A 5 1 bOi? 'J77>X^0. 3mmiSt&5 
ie»l;7ytXr^ >y->A6 0 tc«t 01SlE$n 
TV>£. $e>IC. XAis^y hW5 2tig|^UT^^:Vi 
i7 7 > ^ -> r 7 h CDigftlC «fc 0 ^-f = > tf^OV V Zlfr b 

fit, *A->t7 h*ft5 2^®)-r-5 

oijisb. /\*;p^5 z*'&.m.mmtmz>®.mtit3.iT 

Vi^>„ CffltfCU^frll *AttlHl^3 0 0 r p 
m h*'J >^B$fflS) > xyj>^Max^fi5 0 
kgf, X>v»>f4S8 Ot:-!?. 7> ! tXf'f>y->A 

6 0 iiSt!)-r-5ta^*A 5 1 ©SSnfflSteigttJitf »DX 
$J6b. RaO. 0 5 jtzm{Ctt±lf enTVi-S>t>©iU 

[0050] ttttrafcaftc. ttxtemznT^zttrnm 



^J1^5W- 3 0 S J*5«fctf 5W- 3 0ffiM©^'J 
>->'ft h * t U 7f >Ic bt 5 0 0 

p pm. iS7-*'J>mW& : £i)>miz\sT0. 12wt 
% & ti X > v 5 > # <i ) U m ffl b . 
[0 0 5 1] E17{C^Ta*h^i'©W-i91^^e,*'J^ 
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